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(57) A piezoelectric device Includes a substrate, a 
buffer layer on the substrate, a lower electrode layer on 
the buffer layer, a piezoelectric layer on the lower elec- 
trode-layer, and an upper electrode layer oh-the piezo- 
electric layer. The piezoelectric layer has a base portion 



extending outwardly at its lower portion of its periphery. 
The piezoelectric device provides enhanced bonding 
strength between the substrate and the stacked struc- 
ture including the upper electrode layer, the lower ele'c4- 
trode layer, and the piezoelectric layer. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to piezoelectric 
devices, such as a sensor, an actuator, memory, and an 
optical switch, and to a method of manufacturing the de- 
vice. 



BACKGROUND ART 

[0002] A conventional piezoelectric device includes a 
substrate, a lower electrode layer on a surface of the 
substrate, a piezoelectric layer, and an upper electrode 
layer which are stacked In this order. When a voltage Is 
applied to the upper electrode layer, the piezoelectric 
layer defomns due to an electric field developed between 
the upper and lower layers, thereby providing the device 
with a variety of functions. 

[0003] In the conventional piezoelectric device, how- 
ever, a stacked structure including the upper and lower 
electrode layers and the piezoelectric layer has poor 
strength in bonding with the substrate. Applying the volt- 
age to the upper and lower layers defomns the piezoe- 
lectric layer, and this causes stress to the substrate. In 
the conventional piezoelectric device, the upper and 
lower electrode layers and the piezoelectric layer, being 
sized substantially the same, are bonded with the sub- 
strate. The poor bonding between the lower electrode 
layer and the substrate causes them to be peeled off. 

DISCLOSURE OF THE INVENTION 

[0004] A piezoelectric device- includes a substrate, a 
lower electrode layer over the substrate, a piezoelectric 
layer disposed on the lower electrode layer and having 
a base portion outwardly extending at a portion toward 
the lower electrode layer, an upper electrode layer on 
the piezoelectric layer. The base portion is fonned at a 
lower portion of a peripheral face of the piezoelectric lay- 
er and extends outwardly from the peripheral face. The 
piezoelectric layer and the lower electrode layer have 
areas larger than an area of the upper electrode layer, 
enhancing strength in bonding. The extending base por- 
tion lengthens a creeping distance between the upper 
and lower electrode layers, thus protecting the electrode 
layers from being short circuited between the electrode 
layers. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0005] 

Fig. 1 is a perspective view of an angular velocity 
sensor according to an exemplary embodiment of 
the present invention. 

Fig. 2 is an exploded perspective view of the angu- 
tar velocity sensor according to the embodiment. 
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Fig. 3 is a flow chart of a process for manufacturing 
the angular velocity sensor according to the embod- 
iment. 

Fig. 4 is a sectional view of the angular velocity sen- 
sor for showing the process according to the em- 
bodiment. 

Fig. 5 is a sectional view of the angular velocity sen- 
sor for showing the process according to the em- 

bodiment. _ 

Fig. 6 is a sectional view of the angular velocity sen- 
sor for showing the process according to the em- 
bodiment. 

Fig. 7 Is a sectional view of the angular velocity sen- 
sor for showing the process according to the em- 
bodiment. 

Fig. 8 is a sectional view of the angular velocity sen- 
sor for showing the process according to the em- 
bodiment 

Fig. 9 is a sectional view of the angular velocity sen- 
sor for showing the process according to the em- 
bodiment. 

Fig. 10 is a sectional view of the angular velocity 
sensor for showing the process according to the 
embodiment. 

Fig. 11 is a sectional view of the angular velocity 
sensor for showing the process according to the 
embodiment. 

Fig. 12 is a sectional view of the angular velocity 
sensor for showing the process according to the 
embodiment. 

Fig. 13 is a sectional view of the angular velocity 
sensor for showing the process according to the 
embodiment. 

Fig. 14 is a sectional view of the angular velocity 
sensor for showing the process according to the 
embodiment. 

Fig. 15 is a sectional view of the angular velocity 
sensor for showing the process according to the 
embodiment. 

Fig. 1 6 is a perspective view of the angular velocity 
sensor for showing the process according to the 
embodiment. 

Fig. 1 7 Is a perspective view of the angular velocity 
sensor for showing the process according to the 
embodiment. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0006] Fig. 1 shows an angular velocity sensor as a 
piezoelectric device of an exemplary embodiment of the 
present Invention. As shown In an exploded perspective 
view of Fig. 2, the angular velocity sensor includes a tun- 
lng-fori<-shaped substrate 1 made of silicon, and further 
includes a buffer layer 2; a lower electrode layer 3; a 
piezoelectric layer 4; and an upper electrode layer 5, 
which are stacked on the substrate In this order. 
[0007] An operation of the angular velocity sensor for 
detecting an angular velocity will be described with ref- 
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erence to Fig. 1 . The upper electrode layer 5 Includes 
an exciting electrode 5A and a detecting electrode 5B, 
which are disposed opposite to the lower electrode layer 
3 as to sandwich the piezoelectric layer 4 with the layer 
3. A voltage applied to an area between the exciting 
electrode 5A and the lower electrode layer 3 expands 
and contracts the piezoelectric layer 4 sandwiched be- 
tween the layers 5A and 3, thereby deforming two arms 
1 0A and 1 0B of the tuning-fork-shaped substrate 1 . The 
amis 10A and 10B vibrate laterally against the tuning- 
fork shape. When an angular velocity having its axis par- 
allel to the amis 1 0A and 1 0B is applied, the arms have 
a warp in the direction perpendicular to the axis of the 
angular velocity and a vibrating direction of the amis. 
The amount pf the warp is detected by the detecting 
electrode 5B. In the angular velocity sensor, excitation 
for the amns 1 0A and 1 0B and the amount of the angular 
velocity are detected through the piezoelectric layer 4. 
[0008] The angular velocity sensor will be described 
in detail with reference to Fig. 2. The angular velocity 
sensor includes the tuning-fork-shaped substrate 1 
made of silicon, the buffer layer 2 on the substrate, and 
the lower electrode layer 3 on the layer 2. Each of the 
layers 2 and 3 has a shape substantially Identical to that 
of the substrate 1 . The sensor further Includes the pie- 
zoelectric layer 4 on the lower electrode layer 3 and the 
upper electrode layer 5 on the piezoelectric layer 4. The 
piezoelectric layer 4 has Its upper portion having a 
shape Identical to that of the upper electrode layer Sand 
its lower portion having a shape identical to that of the 
lower electrode layer 3, as shown in Fig. 2. The lower 
portion of the piezoelectric layer 4 has a larger area out^ • 
wardly extending as a base portion (which will be de- r, 
scribed later). The lower electrode layer 3 beneath the 
piezoelectric layer 4 has a substantial area since having 
the same shape as the layer 4 having the base portion, 
thus being bonded on the substrate 1 the buffer layer 2 
securely. Therefore, even if the piezoelectric layer 4 ex- 
pands and contracts by applying the voltage between 
the upper layers and the lower layer 3, its stacked struc- 
ture is hardly peeled off from the substrate 1. Further- 
more, the extended base portion lengthens a creeping 
distance between the upper layer 5 and the lower elec- 
trode layer 3, thus protecting the electrode layers from 
being short circuited between the layers 
[0009] The buffer layer 2 of the angular velocity sen- 
sor is made of one of NiO, CoO, MgO, and Ti. The lower 
electrode layer 3 Is made of Pt. The piezoelectric layer 
4 is made of lead titanate zirconate . The upper electrode 
layer is made of Au. The piezoelectric layer 4 is thicker 
than the buffer layer 2. the lower electrode layer 3, and 
the upper electrode layer 5. The thickness allows the 
piezoelectric layer 4 to have the outwardly extending 
base portion formed easily. The base portion lengthens 
the creeping distance between the upper and lower lay- 
ers 5 and 3, thus protecting the electrode layers 5 and 
3 from short-circuit between the electrode layers. 
[0010] An auxiliary electrode 6 shown in Figs. 1 and 



2 is formed to lead the lower electrode layer 3 to a sur- 
face. 

[001 1 ] A method of manufacturing the angular veloc- 
ity sensor will be described with reference to accompa- 
nying drawings. Although plural angular velocity sen- 
sors are simultaneously fomned on a substrate in a man- 
ufacturing process, an explanation is given to one of 
them. Fig. 3 illustrates the process of manufacturing the 
angular velocity sensor according to the embodiment. 
A procedure of the manufacturing will be explained with 
reference to Figs. 4 through 15. 
[0012] First, the buffer layer 2 of NiO is fomied on a 
surface of a silicon-made substrate 1, as shown In Fig. 
4, so that NiO has a crystal orientation of (1 , 0, 0) (STEP 
1 of Fig. 3). The buffer layer 2 is fomned by metal organic 
chemical vapor deposition (MOCVD) employing gas. 
such as sublimated and vaporized nickel acetylaceto- 
nate. Next, the lower electrode layer 3 is fomned by sput- 
tering Pt, as shown in Fig. 5 (STEP 2 of Fig. 3). Then, 
as shown in Fig, 6, the piezoelectric layer 4 is formed 
by sputtering lead titanate zirconate (STEP 3 of Fig. 3). 
Then, in Fig. 7, the upper electrode layers is formed by 
sputtering or vacuum evaporation of Au (STEP 4 of Fig 
3). 

[0013] For forming the gold (Au) layer is fonned, thin 
chromium (Cr)-layer or titanium (Ti)-layer preferably 
formed on the substrate before the Au-layer Is provided. 
The layers allow the Au-layer to have higher strength in 
bonding. According to an experiment by the inventor, the 
Ti-layer having a thickness ranging from about 20 to 
1 00 A on the substrate by vacuum evaporation provides 
sufficient adhesion. In conventional piezoelectric devic- 
: . : es, It has been difficult to form a piezoelectric layer 4 
. - exhibiting high piezoelectric characteristics on a silicon- 
es made substrate 1 . However, the buffer layer 2 described 
above allows the piezoelectric layer 4 to be made of lead 
titanate zirconate. thereby providing excellent piezoe- 
lectric characteristics. 

[0014] Figs. Sthrough 15 shows sectional views of the 

40 arms 1 0A and 1 08 of tuning-fork-shaped portion In Fig. 
1. Throughout the drawings, the left side of a drawing 
con-esponds to the ami 1 0A of Fig . 1 , while the right side 
con-esponds to the ami 1 0B of Fig 1 . 
[0015] Following to STEP 4 of Fig. 3, as shown in Fig. 

^5 8, a first resist film 7 Is fomned on the upper electrode 
layer 5 (STEP 5 of Fig. 3). Then, in Fig. 9, the electrode 
layer 5 and the piezoelectric layer 4 are etched by dry 
etching (STEP 6 of Fig. 3). In this process, the etching 
is stopped in the piezoelectric layer 4 before the etching 

50 is performed to the lower electrode layer 3. Next, as 
shown in Fig. 1 0. the first resist film 7 is peeled off from 
the upper electrode layers (STEP 7 of Fig. 3), and there- 
by, the upper electrode layer 5 is separated into the ex- 
citing electrode 5A and the detecting electrode SB. 

55 Then, as shown in Fig. 11. a second resist film 8 Is 
fornied on the upper electrode layer 5. A periphery of 
the film 8 covers the etched edge of the upper electrode 
layer 5 and an etched side face a small portion of the 
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etched surface of the piezoelectric layer 4 (STEP 8 of 
Fig. 3). Next, as shown in Fig. 12, the piezoelectric layer 
4, the lower electrode layer 3, and the buffer layer 2 are 
etched away so that the substrate 1 is exposed (STEP 
9 of Fig. 3). 5 
[0016] The process above allows the piezoelectric 
layer 4 to have the base portion 4a extending outwardly 
at its lower portion of the periphery, as shown in section 
A of Fig. 14. The piezoelectric layer 4 havjn^ t^hp hag^ 



potion securely contacts the lower electrode layer 3 io 
through a sufficient area. According to an experiment by 
the inventor, the piezoelectric layer 4 having no base 
portion was easily stripped off, while the layer 4 having 
the base portion was hardly stripped ofT. 
[0017] Following STEP 9, the silicon-made substrate 15 
1 is etched by dry etching (STEP 10 of Fig. 3). In the 
etching process above, the substrate 1 is etched by 
etching gas different from that used for the piezoelectric 
layer 4, the lower electrode layer 3, and buffer layer 2 
in Fig. 12. The same gas undesirably etches the layers 20 
2, 3, and 4 due to intrusion of the gas from their sides. 
For example, gas containing CF4 and Ar is used for the 
layers 2, 3, and 4, and gas containing SFg, Og, and C4F8 
is used for the substrate 1 . This enables the substrate 
1 to be etched in the vertical downward direction in Fig. 25 
13 with no harm to the base portion 4a of the piezoelec- 
tric layer 4, after the layers 2, 3, and 4 are etched away. 
[0018] In the final process shown in Fig. 14, the sec- 
ond resist film 8 is removed by oxygen-ashing or other 
methods (STEP 11 of Fig. 3). As described above, the 30 
angular velocity sensor shown in Fig. 1 , in which the pi- 
ezoelectric layer 4 has the base portion 4A extending 
outwardly at its lower side of the periphery, is provided. 
[0019] In the method described above, the silicon 
substrate 1 is dry-etched in a vertical downward direc- 3S 
tion, since the portion of the substrate 1 beneath the 
base portion 4a fonned at the lower portion of the pie- 
zoelectric layer 4 is not etched. Under the consideration 
that the upper layer 5, the lower layer 3, and the piezo- 
electric layer 4 are stacked over only one surface of the 4o 
substrate 1 . it may be necessary to decrease the mass 
of the other surface of the substrate 1 to bring the sub- 
strate 1 into balance. 

[0020] In this case, the substrate 1 may be etched so 
as to slender toward its bottom, as shown in Fig, 15, with 4S 
etching gas containing SFg and increased and C4F3 
decreased. The gas allows the substrate 1 to have 
strongly-etched surface opposite to the surface having 
the buffer layer 2 thereon, thus tapering off the substrate 
1 toward its bottom, as shown in Fig. 15. so 
[0021] As mentioned above, the single angular veloc- 
ity sensor is described. The case in which plural sensors 
are simultaneously formed will be described. 
[0022] Fig. 16 illustrates a dry-etching process of a 
silicon substrate 13. The substrate 13 to be etched is ss 
bonded to a glass-made dummy substrate 1 4 through a 
bonding member 1 5. The bonding member 15 is formed 
of material having a color different than the silicon sub- 



strate 13, for example, paste containing white alumina 
particles. Removing an unnecessary surface of the sub- 
strate 13 by dry-etching exposes the colored bonding 
member 15, which shows completion of etching at a 
glance. After the silicon substrate 13 is etched, angular 
velocity sensors 1 6 are separated into individual pieces. 
Before the separation, the dummy substrate 1 4 securely 
holds the individual pieces of the angular velocity sen- 
sors J a.through_the.bonding_member^ 1 5 so not to 



allow the sensors to come apart. Another advantage is 
that the dummy substrate 14 made of glass has an ex- 
posed surface unaffected by the etching gas while the 
substrate 1 3 is being etched or after the substrate 1 3 is 
etched, thereby providing etching with high consistency. 
In the process, a resist film 12 is disposed on the sub- 
strate 13. 

[0023] According to the embodiment, the buffer layer 
2 allows the piezoelectric layer 4 to be securely bonded 
to the silicon substrate 1 via the lower electrode layer 3. 
The lower electrode 3 may be fomned of platinum (R) 
containing 1 to 1 5% of tinanium (Ti), and thus, the mixed 
Ti is aligned in a manner identical to a lattice constant 
of the piezoelectric layer 4 on the Pt-layer. The lower 
electrode layer 3 can securely hold the buffer layer 2 
without the buffer layer 2. An angular velocity sensor 
which does not have the buffer layer 2 is manufactured 
by the method above, in which the process of forming 
the buffer layer 2 is simply omitted from the procedure. 
[0024] An angular velocity sensor is described as just 
an example of piezoelectric devices according to the 
embodiment, but it is not limited to the sensor. The 
present inventioh'ban be applicable to any piezoelectric 
devices includmg aH piezoelectric body, such as a sen- 
sor, an actuator; a memory, and an optical switch, as 
long as the device has' electrodes and a piezoelectric 
layer 4 sandwiched between the layers, and as long as 
the device utilizes a change in characteristics, e.g. a 
warp, and a change in permittivity, of the piezoelectric 
layer 4 caused by a of voltage applied to the electrodes. 

INDUSTRIAL APPLICABILITY 

[0025] A piezoelectric device of the present invention, 
as described above, includes a piezoelectric layer hav- 
ing an outwardly extending base portion formed at its 
lower of its periphery. This arrangement allows the pie- 
zoelectric layer, a lower electrode layer, and a buffer lay- 
er underlying have areas larger than the area of an up- 
per electrode layer. The layers contact a substrate 
through the large area, thus having an enhanced 
strength In bonding. The base portion lengthens a 
creeping distance between the upper and lower elec- 
trode layers, thus protecting the electrode layers from 
short-circuiting between the electrode layers. 
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Claims 

1 . A piezoelectric device comprising: 



6, The piezoelectric device of claim 1 , wherein said 
lower electrode layer is fomned of Pt including 1 to 
15% of Tl mixed therein, said piezoelectric layer 
contains lead titanate zirconate, and said upper 
electrode layer contains Au. 

7. The piezoelectric device of claim 6, wherein said pi- 
ezoelectric layer Is thicker than said buffer layer, 
said upper electrode layer, and said lower electrode 
layer. 



on a surface of the lower portion of the piezoe- 
lectric layer; and 

etching portions of the buffer layer, the lower 
electrode layer, and the piezoelectric layer to 
expose a surface of the substrate, the portions 
being uncovered with the second resist film. 

9. The method of claim 8, wherein the buffer layer con- 
tains at least one of NiO, CoO, MgO, and Ti, the 
lower electrode layer contains Pt, the piezoelectric 
layer contains lead titanate zirconate, and the upper 
electrode layer contains Au. 

10. The method of claim 8, 

wherein the substrate contains Si, and 
wherein said step of etching portions of the 
buffer layer, the lower electrode layer, and the pie- 
zoelectric layer uncovered with the second resist 
film comprises the sub-steps of: 

etching the buffer layer, the lower electrode lay- 
er and the piezoelectric layer by first etching 
gas; and 

then, etching the buffer layer, the lower elec- 
trode layer, and the piezoelectric layer by sec- 
ond etching gas. 

1 1 . The method of claim 1 0, further comprising the step 
of: 

etching the substrate so as to increase an 
etched portion thereof toward a surface thereof 
opposite to a surface thereof .on:which the buff- 
er layer is disposed. - • 

12. The method of claim 1 0, wherein said step of etch- 
ing the substrate-comprises the sub-step of etching 
the substrate having a dummy substrate bonded 
thereto, with a bonding member, on the surface 
thereof on which the buffer layer is disposed sur- 
face. 

13. The method of claim 12, wherein the dummy sub- 
strate Is made of glass, and the bonding member 
has a color different from a color of the substrate. 

14. A method of manufacturing a piezoelectric device, 
comprising the steps of: 

stacking a lower electrode layer on a substrate, 
a piezoelectric layer on the lower electrode lay- 
er, and an upper electrode layer on the piezo- 
electric layer; 

forming a first resist film on the upper electrode 
layer; 

etching a portion of the piezoelectric layer un- 
covered with the first resist film exclusive of a 
lower portion of the piezoelectric layer toward 



A method of manufacturing a piezoelectric device, 
comprising the steps of: 
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stacking a buffer layer on a substrate, a lower 
electrode layer on the buffer layer, a piezoelec- 
tric layer on the lower electrode layer, and an 
upper electrode layer on the piezoelectric layer; 
f omriing a first resist film on the upper electrode so 
layer; 

etching a portion of the piezoelectric layer un- 
covered with the first resist film exclusive of a 
lower portion of the piezoelectric layer toward 
the lower electrode ; 55 
stripping off the first resist film; 
fomiing a second resist film on the upper elec- 
trode layer covered with the first resist film and 
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a substrate; 5 
a lower electrode layer disposed over said sub- 
strate; 

a piezoelectric layer disposed on the lower 
electrode layer, said piezoelectric layer includ- 
ing a base portion extending outwardly on said 10 
lower electrode layer; 

an upper electrode layer disposed on said pie- 
zoelectric layer. 

2. The piezoelectric device of claim 1 , wherein said is 
substrate has a tuning-fork shape. 

3. The piezoelectric device of claim 1 , further includes 
a buffer layer disposed on said substrate. 

20 

4. The piezoelectric device of claim 3, wherein said 
bufferlayer contains at least one of NiO, CoO, MgO, 
and Ti, said lower electrode layer contains Pt, said 
piezoelectric layer contains lead titanate zirconate, 
and said upper electrode layer contains Au. 25 

5: The piezoelectric device of claim 2, wherein said pi- 
ezoelectric layer is thicker than said buffer layer, 
said upper electrode layer, and said lower electrode 
layer. 50 
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the lower electrode; 
stripping off the first resist film; 
forming a second resist film on the upper elec- 
trode layer covered with the first resist film and 
a surface of the lower portion of the plezoelec- s 
trie layer; and 

etching away portions of the piezoelectric layer 
and the lower electrode layer to expose a sur- 

fa ce of the substra te, the portions t:>ejo^ ijQpny. 

ered with the second resist film. io 

15. The method of claim 14, wherein the lower elec- 
trode layer contains Pt, the piezoelectric layer con- 
tains lead titanate zirconate, and the upper elec- 
trode layer contains Au. is 

16. The method of claim 14, 

wherein the substrate contains Si, and 
wherein said step of etching away the portions 

of the piezoelectric layer and the lower electrode 20 

layer comprises the sub-steps of: 

etching the piezoelectric layer and the lower 
electrode layer by first etching gas, and 
then, etching the piezoelectric layer and the 25 
lower electrode layer by second etching gas. 

17. Themethodof claim 16, further includes the step of: 

etching the substrate so as to increase an 3o 
etched portion thereof toward a surface thereof 

. opposite to a surface thereof on which the lower 

. .electrode layer is disposed. 

18. The method of claim 1 7, wherein said step of etch- 35 
ing the substrate comprises the sub-step of etching 

the substrate having a dummy substrate bonded 
thereto, with a bonding member, on the surface 
thereof on which the lower electrode layer is dis- 
posed. 40 

19. The method of claim 18., wherein the dummy sub- 
strate is made of glass, and the bonding member 
has a color different from a color of the substrate. 

45 
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